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Most climate change studies that address potential impacts andpotential adaptation strategies are largely
based on modelling technologies. While models are useful for visualizing potential future outcomes and
evaluating options for potential adaptation, they do not adequately represent and integrate adaptive
human agency. Richards’ concept of ‘agriculture as performance’ is useful in counterbalancing the mod-
elling approach to adaptation because it highlights how adaptive processes and technologies, whether
short term or long term, are more than simple technical responses to biophysical conditions. Instead,
adaptive processes are social phenomena whose signiﬁcance and effects expand well beyond changing
climate conditions. This examination of agriculture as performance in the context of climate adaptation
draws on two different examples. The ﬁrst example explores how technical aspects of climate adaptationerformance
est Africa
outheastern United States
in Mali are situated within the enactment of ethnic identities and political struggles between farmers
and herders. The second example shows how farmers in southeastern United States approach climate
variability and climate forecasts as risk management tools. There are substantial differences between
approaching adaptation as a dynamic process that is socially embedded and approaching adaptation as
a set of modelled responses to anticipated future conditions. It is unlikely that either is adequate to meet
the challenges posedby theuncertainties associatedwith climate change.However, building a synergistic
two
y Elserelationship between the
© 2011 Published b
. Introduction
Climate change introducesnewdynamics anduncertainties into
gricultural production.Not only are climate baselines shifting over
he long term, but models also warn for increasing variability in
nter-annual and seasonal climate patterns within the long-term
hift. Much attention has been given to climate change adaptation
s ananticipatory andplannedprocess,managed throughnewpoli-
ies, technological innovations and development interventions [1].
odelling has emerged as the key technology for visualizing and
nticipating the processes and impacts of climate change and cli-
ate variability on agricultural production systems. Combinations
f General Circulation Models, Regional Circulation Models, crop
odels, soil models, agro-ecological system models, and economic
odels have been used to illustrate potential impacts of climate
hange in the coming decades based on various climate scenar-
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oi:10.1016/j.njas.2010.11.002promises to be as difﬁcult as it is necessary.
vier B.V. on behalf of Royal Netherlands Society for Agricultural Sciences.
ios [2–5]. In these contexts, modelling is useful in that it enables
visualization of potential future scenarios so that potential adap-
tation strategies can be evaluated for future planning. However,
as important as they are in climate change adaptation research,
modelling and planning have their limits. Unfortunately, many of
these potential adaptation strategies are based on the ‘business
as usual approach’ or sometimes more harshly referred to as the
‘dumb farmers’ approach’. Farmers’ agency as innovators, creative
technical actors, and socio-cultural actors – factors that are absent
in models – is also extremely important in terms of understand-
ing their adaptation behaviourswithin the complexities of agrarian
socio-ecological systems [6].
This paper explores cases of adaptive processes to climate
change and variability from Mali and in the southern United States.
Two examples of agriculture as performance will be discussed
for each location. The ﬁrst example from each country will high-
light the importance of farmers’ agency as technical actors who
respond in real time to contingent environmental circumstances.
The second example in each case will examine how farmers’ posi-
tions in social networks and institutions inform and inﬂuence
adaptation behaviours, illustrating how adaptive agricultural per-
formance is embedded within social performance more broadly.
Taken together, these cases build the argument that research on
erlands Society for Agricultural Sciences.
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grarian adaptation to climate change and climate variability needs
greater emphasis on farmers’ creative adaptive capacities and
ocio-cultural institutions.
Farmers deal with risk on a daily basis due to the uncertainty
f future weather conditions. As such, farmers have experience in
ealing with climate variability and uncertainty, but increases in
anges of variability have the potential to put farmers’ adaptive
apacities to the test, creating substantial challenges to the entire
ange of the world’s food producers, from small-scale subsistence
armers inAfrica tomega-scale industrial producers inNorthAmer-
ca and elsewhere. While the modelled climate change scenarios
an be useful for identifying potential stress points and vulnera-
ilities in biophysical agro-ecological systems, they tend to leave
very large gap in the area of farmers’ adaptive capacities and
ractices, ignoring one crucial factor in understanding the relation-
hip between climate trends and agricultural outcomes: farmers as
ro-active agents who respond to climate variability, both in the
hort term (season) and in the long term (decade). This absence is
specially problematic when discussing impacts and adaptation in
gricultural systems, where individuals’ practices and innovative
apacities vary widely and can respond to environmental stim-
li relatively quickly. The potential utility and anticipatory power
f modelling is not in question here, but the absence of human
gency in understanding real system dynamics indicates a major
hortcoming of modelling approaches to impacts and adaptation
o climate change. Because the real actions and positions of farm-
rs are often not well integrated into large-scale system modelling
7–9], we can logically expect that the development of policies
ased uniquely on modelling approaches risk running afoul of the
ctions and positions of real people in implementation.
Understanding agriculture as an emergent result of human
gency and social networks in historical and ecological contexts
rovides a useful counterpoint to themodelling approach to under-
tanding change in agricultural systems under climate change and
limate variability. The notion of ‘agency’ here speaks to farmers’
reative improvisation and real-time management of variability
nd stochastic events in the social, technical or ecological realms.
t is this process of reacting to challenges and opportunities as
hey arise that is captured by the notion of ‘agriculture as per-
ormance’. Richards’ [10,11] works on ‘agriculture as performance’
ave emphasized the importance of analysing farming systems as
ontingent components of social and ecological contexts, through
hich farmers draw on their “improvisational capacities called
orth by the needs of the moment” [10]. Rather than looking at
nowledge as something that is simply deliberated upon and used
o reach a decision, Richards’ formulation of ‘agriculture as perfor-
ance’ instead focuses on agriculture as something that is enacted
ith somedegree of informed spontaneity, referred to as embodied
r tacit knowledge, rather than just intellectual expertise.
Highlighting the performative aspects of agriculture is not to
eny the important role of planning that goes into farming. While
griculture involves a great deal of planning – organization of
abour, tools, seeds, inputs and capital, landpreparation, etc. – there
s a great deal of room for, and often need for, improvisation and
now-how in the execution of those plans, as well as the devia-
ions from them [12]. However, asking where the plan ends and
he performance begins misses the point about farmers’ agency in
daptation. The very existence of a farm represents the interac-
ion between biophysical resources and phenomena, human social
ystems and individual actions (both planned and improvised). As
n analytical frame, ‘agriculture as performance’ focuses on farm-
rs’ agency and then seeks to understand how that agency interacts
ith, both as an inﬂuenceonandas a reaction to, thedynamic social
nd ecological situations in which it is located. In research on cli-
ate adaptation, this has the advantage of starting with existing
ealities and ongoing processes that represent important spacesl of Life Sciences 57 (2011) 179–185
for adaptive change as well as understanding variable responses
to uncertainty and contingency. Furthermore, looking at agricul-
ture as situated action spans from short-fuse ﬁeld-level actions
in response to weather events in the moment to gradual shifts
in production practices situated in dynamic ecologies and cultural
histories over the long term.
The performative aspects of agriculture are central components
of adaptive capacity, which cannot be captured in agro-ecosystem
models. The study of agriculture as situated action provides an
analytical lens through which to understand farmers’ adapta-
tion processes and how they are embedded in intertwined social,
technical and ecological contexts. Adaptation is unavoidably a
socio-technical process [13]. As such, analysing agriculture as sit-
uated action is useful in making farmers’ skills, behaviours, and
innovations empirically researchable. Furthermore, it enables an
analysis of their technical responseswhile also analysinghowthose
technical behaviours interact with, both as a driver and as a result
of, their positions within diverse and dynamic social networks,
including subjective and normative components.
Integrating farmers’ agency into adaptation research implic-
itly acknowledges that agriculture is both a social and a technical
process that spans time frames from the momentary to the life-
time. Understanding agriculture as performance is furthermore
useful in analysing adaptation practices in agriculture because it
acknowledges and integrates the fact that farmers are more than
just individuals who execute speciﬁc planned technical behaviours
on farms. In addition to performing agriculture, they are simulta-
neously performing their roles as members of social networks and
collectivities (families, communities, ethnicities, nations, etc.). Con-
sequently, the social spaces and processes within which technical
agricultural practices are embedded affect how they are enacted
[14,15]. As will be discussed in the two examples, this has impor-
tant consequences for how we approach agricultural adaptation to
climate change and climate variability. For an agricultural adapta-
tion to be successful, it not only needs to be technically effective
in reference to climate and ecology, it also needs to be effective in
reference to the social needs of the individuals and collectivities
who perform them.
2. Long-term transformations in Mali, West Africa
The multi-year droughts of the 1970s and 1980s were devas-
tating for farmers and herders in the Sahel. Immediate impacts
included total crop failure,massive die off of cattle, andwidespread
famine [16]. However, even when the rains ‘returned’ in the 1990s
and 2000s, they were not nearly of the same strength as prior to
the 1970s. The droughts were not isolated events in an otherwise
steady pattern. Instead, they were extreme events in a decades-
long process of changing climatic and thus ecological, baselines.
From the point of view of climate history, it is debatable whether
this represents ‘normal’ climate variability in the Sahel (which is
known to be extreme) or the beginning of long-term trends result-
ing from anthropogenic climate change. From the point of view
of people who make their livelihoods as farmers and herders in
the Sahel, this distinction is largely academic and inconsequential.
What matters instead is that the system is extremely dynamic and
that the uncertainty about what is coming next is extremely high.
The practices of agriculture and pastoralism in the Sahel are
largely centred on uncertainty of biophysical conditions: uncer-
tainty about when the rainy season will start, uncertainty about
the quantity of rain, as well as its geographic and temporal distri-
bution during the season, and uncertainty about pest and diseases
pressure on crops. The prolonged period of desiccation (from the
1960s to the late 1990s) and the severe droughts of the 1970s
and 1980s have stimulated substantial changes in agriculture and
Journa
p
h
a
h
a
m
T
t
h
r
s
a
t
2
o
l
c
g
s
p
b
u
s
c
u
o
e
e
r
f
a
r
u
a
m
e
m
i
t
I
t
p
m
t
s
m
c
h
g
h
o
e
f
m
r
p
o
a
i
e
e
variability and change because it affects the ways in which people
perceive and respond to adaptation opportunities.
The link between what people do and who they are empha-T.A. Crane et al. / NJAS - Wageningen
astoralism in the Sahel [16–18]. Technical subsistence practices
ave transformed, but so have social politics of ethnicity, land use
nd livelihoods. The following sections explore two examples of
ow the lens of ‘agriculture as performance’ can be constructively
pplied toadaptationprocesses. Theﬁrst caseexplores themanage-
ent of uncertainty about and variability within one rainy season.
he second case takes a much broader view, analysing how long-
erm technical adaptation strategies undertaken by farmers and
erders interact with the performance of ethnicity and interethnic
elations. The diversity across these two frames serves to empha-
ize that the notion of situated action applies to diverse temporal
nd social scales, from the short term and individual to the long
erm and community.
.1. Agency in technical adaptation
The Commune of Madiama in Mali is located in the Cercle
f Djenné at, the eastern edge of the Bani River ﬂoodplain. This
ocation affords access to diverse agro-ecological zones, fromﬂood-
ontrolled plains with heavy alluvial soils where irrigated rice is
rown to sandy upland ﬁelds with rain-fed millet. Some of the
paces in between are characterized by soils that mix, in various
roportions, sedimentary, clay and sandy soils. Such soils tend to
e found in the boundary zones between the ﬂoodplains and the
pland zones. Although millet is known to produce best on sandy
oils that drain quickly, and sorghum performs well on wetter,
layey soils, themain question iswhat to dowith intermediate soils
nder conditions of uncertain rainfall? The intermediate nature
f the mixed soil means that it can take on the characteristics of
ither of its parent materials depending on the rainfall conditions,
specially rainfall amounts and periods of dry spells. The diverse
ange of possible uses makes mixed soil a highly valued resource
or farmers, especially under conditions of high climatic variability
nd uncertainty.
Local production practices take advantage of intermediate land
esources, leading to a simple but effective means of mitigating
ncertainty of rainfall. Fields are prepared with ox-drawn ploughs
t the beginning of the season. After ploughing, planting is done
anually using a short-handledhoe.Whenplanting onmixed soils,
ach pocket is sown with both millet and sorghum seeds. In the
iddle of the rainy season, as both millet and sorghum are emerg-
ng from these pockets, farmers must make a decision based on
heir observations of how the rains are affecting the soil and plants.
f there has been relatively heavy rainfall and the soil has highmois-
ure content, then sorghum is more likely to be thriving and millet
lants are then uprooted. If there has been light rainfall and soil
oisture content is low, millet is more likely to be thriving and
he sorghum plants are then cut down. Depending on the circum-
tances, both in terms of rainfall and labour availability, farmers
ay leave both the millet and the sorghum to produce what they
an. Overall, this strategy enables farmers to take advantage of soil
eterogeneity by effectively postponing the decision of whether to
rowmillet or sorghumuntil later in thegrowingseason,when they
ave a better sense of the overall rainfall patterns for that season.
Farmers employing this cropping strategy are creating an
pportunity for mid-season adjustment based on real-time
nvironmental observations. Richards describes agriculture as per-
ormance using a musical analogy, wherein musicians (farmers)
ust dynamically interact with other musicians (social and envi-
onmental processes) in real time during the performance of a
iece [10,11]. Following Richards’ analogy, the cropping strategy
utlined here represents a point wherein the farmer must make
decision to take the song in one direction or another depend-
ng on the circumstances, to decide which amongst the possible
ndings is to be performed during that growing season. As a strat-
gy, the approach represents farmers’ creation of opportunitiesl of Life Sciences 57 (2011) 179–185 181
for contingency through recognition of and capitalization upon a
ﬂexible resource (mixed soils). This strategy involves a substan-
tial planning component – organizing seeds and labour, identifying
well-suited soils – but the plan is basically not to plan too much or
too soon. Instead, opportunities are built in for adaptation that can
be acted upon in the context of the growing season as it unfolds.
Contingency-building strategies of this sort highlight how adapta-
tion to rainfall variability is an action that is fundamentally situated
in the particular qualities of both time (growing season) and space
(management of speciﬁc ﬂexible soil resources). Although the rain
and soil aspects are clearly environmental components of the per-
formance, social variables such as labour availability and access to
the highly valued mixed soils reveal that social processes are also
important in the performance of this adaptive strategy.
2.2. Agency in social context
Looking at adaptation processes more broadly, long-term
responses to changing rainfall regimes are situated in the historical
positions and trajectories of various social institutions. In central
Mali, ethnic groups have historically corresponded closely to the
ecological niche that their subsistence strategies ﬁlled. For exam-
ple, historically, only Fulani were cattle herders, and to be a Fulani
was virtually synonymous with being a cattle herder.3 Amongst
other ethnic groups, Marka were rice farmers in the Niger River
inland delta, Bambara were upland farmers, Bobo were hunters in
the highlands, Bozo were ﬁshermen, etc. The construction of ethnic
identities has been closely interwovenwith technical knowledge of
the environment, the social organization of subsistence practices,
social boundaries and cultural normative positions. Consequently,
technical changes in subsistence practices ripple through social
lives and the entire socio-ecological system.
In response to the changes brought on by the droughts of the
1970s and 1980s and the desiccation that occurred in the sec-
ond half of the 20th century, there has been substantial pressure
on all groups to diversify their livelihood strategies and adopt
mixed subsistence practices. Although some of this pressure has
been political, ecological conditions of increasing land pressure
and high climatic variability and uncertainty have created a sit-
uation in which diversiﬁcation of livelihood is an effective means
of guarding against climate risks. Virtually every ethnic group now
practices mixed agro-pastoralism, and may also opportunistically
engage in ﬁshing and hunting when possible. However, the per-
formance of these technical subsistence activities is situated in
broader social processes of ethnic identity construction, a fact that
has implications for how long-term adaptation unfolds. Although
the strength of the association has been somewhat compromised in
recentdecades, thehistoric linksbetweenethnicityandsubsistence
activities are still important social referencepoints, both in termsof
building one’s own ethnic identity, and in terms of understanding
the place of other ones.
Like the technical practice of agriculture, ethnicity is itself some-
thing that is performed, meaning that rather than being a static set
of characteristics, it is constantly and iteratively enactedwithin the
contexts of social and ecological processes (especially subsistence
practices), which act as stimuli for constructing collective identi-
ties. The construction of social identities through engagement in
subsistence activities is relevant in terms of adaptation to climatesizes that a large part of identity in this region is being deﬁned
3 The major exception to this was being an Islamic religious scholar, which in this
region has historically also been largely associated with the Fulani.
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hrough speciﬁc activities, activities whose technical aspects are
ituated in social institutions and imbued with meanings, both of
hich in turn affect technical choices and practices. Even as Marka
nd Fulani subsistence strategies homogenize towardsmixed agro-
astoralism, their constructions of their own identities continue to
e rooted in their normative livelihood systems. Furthermore, con-
tructionsof the identityof the ‘other’ are likewise rooted innotions
f their appropriate role in the socio-ecological system. Despite the
act that most households are now mixed agro-pastoralists, inter-
iews with Marka in Madiama reveal a strong connection between
ocial identity and agriculture as a subsistence activity.
Many Fulani in Madiama have never fully recovered from the
evastation of their herd and rely on agriculture for a substantial
art of their livelihood. However, the place of agriculture in their
ultural practices is very different. Despite an increasingly substan-
ial reliance on farming, it is a practice that is disliked, denigrated
nd avoided when possible. Even for those who engage in farming,
t is exclusively a subsistence activity, pursued only in as much as is
eeded to bridge the gaps between household needs and herding
ncome. When asked about engaging in market-oriented farming, a
ulani elder stated “Wedon’t try tomakemoney fromourﬁelds.We
akemoney fromour cattle.” Despite the environmental andpolit-
cal pressures for economic diversiﬁcation, resistance is sometimes
ot based on these drivers alone. Responding to the suggestion that
ealth could be invested in business enterprises rather than in cat-
le, another key Fulani informant insistently responded: “We are
ot traders, we are herders. That is what we do”. Conversely, even
arkawho come toown largeherds of cattle are disinclined toherd
he animals themselves, preferring instead to hire Fulani for the
ask. Not only do Fulani have the technical skills and knowledge for
ffective cattle herding, but also “We [Marka] aren’t used to going
ut into the bush day after day. With Fulani, that is what they like.
arka are farmers”. The implication of these simple statements is
owerful. They indicate that in this context, ethnic identity itself
s performed; it is not just something that one is, it is something
hat one does. The activity itself is seen as a key part of maintaining
he identity. While there is a great deal of dynamism and ﬂexibil-
ty around the ways in which identities are socially created and
egotiated [19], the performance of ethnicity is situated in a social,
cological and historical landscape that shapes the parameters of
ts content.
Understanding identity as something that is enacted is impor-
ant because it emphasizes how aspects of identity affect the ways
n which technical adaptation options are assessed, valued and
esponded to. From a purely technical position, diversiﬁcation into
gro-pastoralism does buffer against variability and uncertainty.
ut the technical actions of agriculture andpastoralismare situated
ithin social institutions and cultural identities that value them in
ubstantially different ways. The differences in these institutions,
nd their associated normative positions, have strong implications
or processes associatedwith climate change adaptation. For exam-
le, because Fulani identity is strongly connected to transhumant
attle herding [20], the performance of that identity creates a con-
ext inwhich individual Fulani actors are likely to try anddisengage
rom agriculture in favour of herding as much as possible, despite
he technical beneﬁts of maintaining a diverse livelihood portfo-
io. Furthermore, even many Fulani with very few cattle tend to
upport and promote herding-friendly land management policies
nd positions because they aspire to increase the role of herding
n their livelihood strategies. While these values will of course
ever override or pre-empt the forces of nature, they may inﬂu-
nce the political positions and technical approaches in relation
o adaptation. As such, normative values associated with iden-
ities are important parts of the socio-ecological system, which
merge through analysis of actors’ performance of their liveli-
oods.l of Life Sciences 57 (2011) 179–185
3. Seasonal adjustments in Georgia, USA
Despite some of the obvious socio-economic, technical and eco-
logical differences, farming in southeasternUSA entails some of the
same fundamental challenges as farming in Sahelian West Africa.
Uncertainty and variability in environmental conditions (especially
rainfall) have led to the development of a variety of risk mitigation
strategies including diversiﬁcation of crops and ﬁeld locations, use
of crop insurance, investment in irrigation systems, and diversiﬁ-
cation of household livelihood activities. All of these serve to buffer
against the ecological and economic shocks endemic to agricultural
livelihoods [21].
Inter-annual climate variability, and thus crop performance,
is strongly affected by the El Nin˜o Southern Oscillation (ENSO),
an annual climate pattern driven by cyclical warming and cool-
ing of sea surface temperatures in the central Paciﬁc Ocean [22].
Given that ENSO has a signiﬁcant effect on the rainfall pat-
terns in the southeastern USA, the Southeast Climate Consortium
(SECC; www.SEClimate.org) was formed as an inter- and trans-
disciplinary programme to develop a system of seasonal climate
forecasts (SCFs) and related cropmanagement tools,with the inten-
tion of developing tools that can help farmers manage risks and
opportunities related to inter-annual climate variability [23–26].
ENSO-based seasonal forecasts are a very recent development,
since scientiﬁc understanding of the ENSO phenomenon, and thus
the capacity to provide reasonably reliable forecasts, has really only
begun to solidify in the last 15 years.
Starting with global and regional climate circulation models,
the SECC iteratively publishes probabilistic 90-day forecasts, as
well as a suite of crop models and economic models that draw
on the ENSO seasonal climate forecasts as a core input. The agro-
nomic and economic utility of probabilistic 90-day forecasts (and
related tools) in risk management is validated through models
[27–29] as well as being intuitively apparent. However, inter-
views with farmers in southern Georgia about the potential for
applying ENSO-based seasonal climate forecasts has revealed that
the farmers’ notions of risk management are socially situated
in ways that complicate the question of how seasonal climate
forecasts can inform adaptation through inﬂuencing management
decisions.
The researchdiscussedherewasconducted just as theSECC’s cli-
mate forecasts were starting to reach farmers in southern Georgia,
who had little prior exposure to and no habit of using ENSO-based
seasonal climate forecasts. The purpose of the research was to
understand farmer’s existing risk management practices and farm
management strategies to assess what role seasonal climate fore-
casts couldplay.As seasonal climate forecastswere in theprocessof
being introduced and promoted, we aimed to understand the envi-
ronment into which they were entering and farmers’ ideas about
how such information might be integrated into their production
practices. Because the idea of ENSO-based seasonal climate fore-
casts was new to the farmers, these discussions were based around
a certain degree of imagination and speculation.
3.1. Agency in technical adaptation
Seasonal climate forecasts act as a new information stream
entering into farmers’ management processes, which already
weigh a wide variety of environmental, agronomic, social, political
and economic variables [21]. The notion behind developing sea-
sonal climate forecasts as risk management tools is that farmers
can use this information to hedge their farming strategies in ways
that guard against risks of economic losses or capitalize on oppor-
tunities associated with climate variability. However, one farmer
described the large, capital-intensive farms, characteristic of Amer-
ican agriculture, as ‘battleships’ that cannot be turned very sharply
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r quickly in response to shifting circumstances or dynamic infor-
ation streams.
Although the room for maneuver in response to climate fore-
asts is often seen as relatively small, discussions with farmers
bout their potential applications for seasonal climate forecasts
anged widely, and many management decisions that could poten-
ially be inﬂuenced by seasonal climate forecasts were mentioned
y farmers. The top six management decisions, in order, were: (1)
hanging crop selection, (2) changing planting dates, (3) adjusting
nput management, (4) changing land management practices, (5)
hanging varietal selection, and (6) adjusting marketing practices
see [21,30] for elaboration of these points). The fact that farmers
ee these askeymanagement areas inwhich theyhave somedegree
f ﬂexibility is an indication that there is skill involved in them: the
isted practices, all of which must be done at certain junctures in
heir production calendars, can be executedmore or less effectively
epending on the acumen of the individual farmer, his skill.
For example, one farmerwho produced groundnuts and organic
resh vegetables on a variety of land types indicated that seasonal
limate forecasts have the potential to inﬂuence the ways various
lots could be used with certain crops.
On my farm, I have about 20 acres in a low area that tends to hold
water more and I have about 20 acres on a sand hill where it can
rain as much as it wants to and it will never hurt. If I knew it was
going to be a really hot, dry summer, I might be more inclined to
plant my peanuts – even though I have irrigation there – down in
the lower area. But if I know it’s going to be a wet year, I won’t put
peanuts in the wet [low] area because it’s going to be a disaster. I
would for sure plant them on the sand hill.
The adjustment of land management practices according to the
easonal climate forecasts – whether shifting certain crops to or
rom certain soil types or changing cultivation strategies such as
lanting in mounds vs. furrows – indicates that farmers can see
he potential for seasonal climate forecasts to enhance their man-
gement skills. Richards [10,11,31] set the notion of performance
n contrast to planning, focusing largely on capacity for creative
eaction to emerging circumstances. However, the performative
spects of applying anticipatory models, such as seasonal climate
orecasts, represent a substantial deviation from Richard’s concep-
ualization. Particularly in industrial-scale agriculture, planning is
n itself an important skill performed by farmers. The challenge
ill be for farmers to develop the skills to use seasonal climate
orecasts creatively and effectively, integrating and balancing them
ith other considerations. Despite the many non-climate drivers
nd constraints to decision-making in large-scale capital inten-
ive agriculture, seasonal climate forecasts do appear to have the
otential to augment agricultural planning skills in adaptive ways.
owever, this is only true to the point that forecasts are accurate
nd trusted, a point that will be revisited in the conclusion.
.2. Agency in social context
One major difference between farming in Mali and farming in
he USA is that in the USA very few people are farmers for lack
f other livelihood options. Where being a farmer (or herder) is a
efault activity for much of the population in Mali, in the USA it is
omething that people actively choose to go into, despite extraordi-
ary stress, uncertainty and instability associatedwith farming as a
ivelihood strategy in contemporary USA [32–34]. This is important
ecause it highlights that being a farmer is usually the result of a
trong assertion of agency in a social context with many pressures
gainst it. All of the farmers interviewed in this research decided
t some point in their lives that farming, out of all of the other pos-
ibilities afforded to them, is what they wanted to do for a living.
his was often done against the recommendation of their fathers,l of Life Sciences 57 (2011) 179–185 183
who knew the hardships of farming life. Interviewees emphasized
that beyond technical skills and knowledge, one needs a passion
for the lifestyle to be a farmer in the contemporary USA. Without
the passion for the job, the risk and hardships would not be worth
the potential gains, which are often modest.
My father farmed part-time. My grand daddy tried to talk me out
of it because of the changes he had seen, but it is what I had always
wanted to do since I was a small child. As far as my kids, I hope they
ﬁnd something else to do.
While farmers’ immediate goals in undertaking adaptive tech-
nical management practices are a good crop and good proﬁts, these
practices are contextualized in the broader social networks and
processes, including subjectivemotivation. Someof thesenetworks
are directly oriented towards realizing proﬁtable farms. However,
some social networks are more broadly oriented towards having
fulﬁlling and meaningful lives. Although it is tempting to discon-
nect the two, claiming they are entirely unrelated, the pursuit of
agronomic and economic goals is always contextualized within the
pursuit of wider social goals.
Framing agriculture as situated action requires understand-
ing the dynamic relationship between these technical and social
practices. Interviews with farmers indicated that social concerns
(economic and otherwise) do play a part in how they manage risk.
Beyond the passion for the lifestyle itself (which puts farmers at
risk of hardship and ﬁnancial ruin by driving the very decision to
become farmers in a challenging economic environment), intervie-
wees indicated that the decision to be a farmer is also motivated by
desires to maintain family land, to be members of the rural society,
and to contribute productively to the wellbeing of their country.
I think it’s a great place to raise the kids, because we see that they
work so they develop a work ethic very young. We still have our
independence, I suppose. I think for the most part, at least in this
part of the state, farmers are good, moral people and good people
to deal with and good people to be around. It’s just a good life. As
long as it all works, as long as you can make a living at it.
The economics are clearly important, but the larger driver of
agricultural behaviour is often the desire to be a member of a close
community and to raise a family in a healthy physical and social
environment. This requires maintaining good social relations, cre-
ating another important context within which the application of
seasonal climate forecasts will take place. Even when weather con-
ditions are unfavourable in the short term, there are substantial
pressures to farm as best as possible anyway, in order to maintain
access to rented land and equipment, as well as to uphold the obli-
gations to employees who are often members of the community
and important social contacts.
About 12 or 13 years ago my brother told me, “I see where they are
predicting record drought this year, and record temperatures, and
if I was you I wouldn’t plant anything. They are calling for a record
bad year.” And I told him, “I got land rented, I got land bought, I got
tractors bought and leased, I got people working for me, I can’t just
say I’m not going to farm this year because they are predicting a
bad year.”
In the same discussion, another farmer emphasized that relation-
ships with wholesalers, important actors in the produce marketing
chain, must be maintained annually through sustained efforts to
deliver regular supplies, regardless of anticipated conditions in any
given year. Together these highlight how technical economic con-
siderations are intertwined with social networks and values.Probabilistic seasonal climate forecasts are increasingly enter-
ing into farmers’ information streams throughprogrammes like the
SECC and others. Exactly what farmers in the American Southeast
will be able to do with these tools to increase ﬂexibility and com-
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etitive advantage in their management practices remains to be
een. Rather than framing this process as a linear dissemination
nd application of forecasts,more research is needed to understand
ow farmers may interpret and creatively use seasonal climate
orecasts, both in termsofmitigating risk andcapitalizingonoppor-
unities, as an anticipatory technology for adapting to ENSO-based
limate variability. Furthermore, examining the changing role of
easonal climate forecasts in farmers’ performance of agriculture
nd skills at planning should include research on how farmers
roduce in technically effective manners, while simultaneously
triving to satisfy personal and social goals, both as farmers and
s community members. The processes of adaptation to climate
ariability represent farmers’ efforts to balance the dynamic inter-
ctions between these multiple facets of life. As such, it is where
armers’ performance as both technical and social actors becomes
crucial point of analysis.
. Discussion
In the context of adaptation to climate change and climate vari-
bility, understanding agriculture as performance requires that
esearchers take seriously farmers’ skills to adapt to erratic and
ariable circumstances, both in the short term and the long term.
urthermore, these skills must be analysed in the context of their
ocial environments, including the social goals and institutions that
hape subjectively lived experience.
In Mali, technical practices, and thus perceptions of adaptation
ptions, are heavily inﬂuenced by social history and constructs
f ethnic identity, which are closely linked to livelihood niches.
iophysically based models of this system would miss these fun-
amentally normative positions as inﬂuential factors in adaptation
9]. In response to uncertainty and high inter-annual variability,
armers have developed cultivation techniques that take advantage
f hybrid soil resources in ways that build ﬂexibility into their agri-
ultural practice and enables them to offset someof the uncertainty
nd variability they experience. Despite experiencing the same cli-
atic, ecological and political pressures to undertake increasingly
imilar and diversiﬁed subsistence strategies, the Marka and Fulani
fMadiamamaintain substantially different positions in relation to
arming and herding. Although diversiﬁcation is technically adap-
ive, it runs up against social boundaries, especially in the context
f Fulani farming. In a situation where ethnicity is closely associ-
ted with what you do, adaptation is much more than a technical
djustment: it can cut very close to who you are. As such, analysis
f people’s performance of their technical practices and social lives
s an important aspect of understanding adaptation processes.
The Georgia case is rather different in that the development
f probabilistic seasonal climate forecasts effectively proposes to
armers that they adjust their existing adaptations to uncertainty
nd inter-annual variability, not in response to actual circum-
tances, but in response to anticipated circumstances. From a
armer’s point of view, it is not the climate that is being adapted
o, but the new information stream that helps anticipate seasonal
limate variations. Still, the integration of new information into
gricultural management practices is something that itself takes
kill. The anticipatory nature of this skill may be reﬂective of the
tate of capital – intensive industrial agriculture (vs. small-scale
ubsistence agriculture) in that the skill is really about how to
lan more strategically and more effectively. Rather than reacting
o environmental circumstances, farmers’ use of seasonal climate
orecasts (SCFs) represents a reaction to probabilistic information
bout upcoming conditions.
The probabilistic nature of forecasts, combined with general
kepticism regarding the quality of the information, complicates
he question of exactly how technical practices can be adjusted.l of Life Sciences 57 (2011) 179–185
Despite the generally low ﬂexibility of capital – intensive agricul-
ture, farmers in southernGeorgia have identiﬁed potential points of
adaptation where forecasts might be used skillfully. Existing risk-
management strategies cannot be adjustedwithout some exposure
to risk, as altering tried and true risk management strategies with
the goal of improving them is in itself a risky behaviour. Still, many
farmers, extension agents and crop consultants are interested and
watching for opportunities to gain competitive advantage using
SCFs. Farmers’ experimentation with the application of SCFs will
likely unfold over years, perhaps decades. Looking for cases of ‘use’
or ‘application’ of SCFs is challenging from the research perspec-
tive, because their ‘use’ will always take place in combination with
a variety of other factors and drivers. As such, analysis of how SCFs
are ‘used’ will necessarily take account of how they are integrated
with and balanced against other considerations, including norma-
tive livelihood goals.
Analysing agriculture as performance is centred on the exami-
nation of farmers’ skills at assessing and creatively managing their
biophysical, social and information resources in response tounfold-
ing circumstances at time scales that range from weather events
to long-term climate change. Analysis of how farmers learn from
these processes, how skills are reﬁned, is an essential component of
understanding how adaptive capacities develop. This is not to deny
the importance of planning, but simply indicates that theplan is not
the same as the enactment of it, much less the divergence from it.
Over the long term, climate change adaptationwill inevitably stim-
ulate dynamic learning among farmers. The question is can they
learn, experiment and adapt fast enough and effectively enough to
maintain their livelihoods through increasingly challenging climate
circumstances?
5. Summary and conclusions
Projections of the effects of climate change and climate variabil-
ity on agricultural production are primarily based on approaches
that use modelling to anticipate and plan for likely future events,
whether in the coming decades or the coming months. Because
models are generally oriented towards systemic overviews and
interactions, they tend to promote anticipatory and planned adap-
tation, which implicitly favours approaches originating in science
and policy. In some situations, such as designing public infrastruc-
tural systems, this makes perfect sense. In agricultural systems,
however, the situation is much more complex. Actual farmers –
both as creative and engaged technical actors, and as moral actors
embedded insocial institutional contexts–areoftenentirelyabsent
from such system analyses. Adaptation efforts based on an under-
standing of a theoretical agricultural system that does not consider
the complex realities farmers face, may have some advantages,
but the absence of real farmers and social contexts creates a gap
between modelled adaptations and the realities of practice. Fur-
thermore, because modelling is generally an expert technological
system, even if useful adaptive technologies may emerge from
them, this does not necessarily translate into increasing farmers’
ownadaptive capacities.When suchmodels areonlyused to inform
policy, they can in fact be disempowering in relation to farmers.
Conversely, approaching adaptation as an on-going and organic
process embedded within agrarian communities – a process which
is based on farmers’ skills of planning and improvisation, of experi-
menting, learning andadjusting–points to a radically differentway
of doing adaptation research. By starting from a baseline of existing
adaptive capacities, processes and institutions, the development of
new or improved adaptation practices will have the advantage of
being better situated within both farmers’ technical practices as
well as their social lives. Such adaptations aremore likely to be both
technically and socially effective. However, the beneﬁt of farmers’
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ocially embedded and incremental approach to adaptation may
lso be a weakness [35], in that it rarely leads to major shifts in
ractices that, which be useful in the context of adaptation to rapid,
ong-term climate change.
Recentwork theorizing ‘adaptation science’ has called for a radi-
al overhaul of how scientiﬁc practice articulateswith societymore
roadly, calling for stronger connections between research and
pplication. This science–society interface is most often cast in ref-
rence to ‘policymakers’, but should also apply directly to farmers
36]. The goal of this paper has been to set modelling approaches
n contrast to analytical approaches that put farmers’ practices
nd adaptive capacities at the centre of developing climate change
daptation processes. Each has strengths and weaknesses and nei-
her is sufﬁcient in addressing adaptation to long-terms climate
hange. The emergent challenge is how to most effectively inte-
rate the strengths of farmer-centred approaches with the power
f science-driven modelling approaches so that they synergize in
ays that not only produce adaptive technologies, but also con-
ribute to farmers’ own adaptive capacities. One potential way of
uilding this synergy comes through doing technographic research
see 37, in this issue] on farmers’ and scientists’ practices of adap-
ation. Bringing these often disparate, but related, practices into
ne frame of analysis would enable the comparison and analysis of
verlaps, disjunctures and interfaces between the two approaches.
uch analyses would provide empirical insights useful in creating
his important synergy.
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